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DEVICE AND METHOD FOR JOINING THE FACES OF PARTS 

CROSS-REFERENCE TO RELAT ED APPLICATIONS 
[0001] The instant application claims priority under 35 U.S.C. §119 of 
Austrian Application No. A455/2003 filed on March 21, 2003, the disclosure of 
which is expressly incorporated by reference herein in its entirety. 

p a pktvr OT TND OF THE INVENTION 

1. Field of the invention 

[0002] The invention relates to a device and a method for joining the faces 
of parts with great longitudinal extension by friction welding. In particular, the 
invention relates to a device and a method for the axially aligned joining of rails 
and the like by friction welding. 

2. Descri ption of the prior art 

[0003] Joining by welding is characterized according to DIN 1910 in that 
the cohesion of the parts is achieved through material fusion with the use of heat 
and/or force. The parting line between the workpieces is eliminated through the 
metallic bonding of their materials. 

[0004] In friction welding, the surfaces of the workpieces or parts to be 
joined are moved relative to one another under pressure and the surface areas are 
heated through the friction, after which a positioning or pressing of the parts 
against one another occurs with metallic bonding of the same. 
[0005] By means of friction welding chiefly parts having a rotationally 
symmetrical shape can be joined to one another or attached to workpieces, 
whereby at least one part is rotated about its axis, thus moved relative to the 
opposite part, and is positioned against a further part or workpiece under pressure. 
Through the frictional heat released at the positioning surfaces, a heating of the 
surface areas occurs to a temperature at which the material of the part begins to 
soften. The actual welding results during the resting of the part(s) and an 



1 



P25052.SS2 SUBSTITUTE SPECIFICATION CLEAN VERSION 

increased pressing of the positioning surfaces, a so-called bearing pressure, to 
obtain a secure metallic bonding of the materials. 

[0006] Friction welded joints and devices for their production can have 
great importance and be very, cost-effective for special materials and a joining of 
small or compact parts with a short time-consumption; however, with rods and the 
like with great longitudinal extension, a rotational movement of the same for the 
friction heating of the joint areas is often possible only with the greatest effort and, 
in many cases, only theoretically possible. 

[0007] In particular, with long rods with profiled cross section, such as, e.g., 
rails or beams, an axially aligned joining with alignment of the cross-sectional 
profile through friction welding does not seem cost-effective and cannot be 
produced with a necessary joint quality. 

[0008] A method for joining railway tracks by friction welding is known 
from DE 198 07 457 Al in which an intermediate piece is moved in linear or 
orbital oscillation between the rail ends to be connected. The two rail ends are 
thereby pressed toward one another onto the intermediate piece in the longitudinal 
direction of the rail in order to generate the heat necessary for welding through 
friction energy on both contact surfaces between each of the rail ends and each of 
the cut surfaces of the intermediate piece. 

[0009] However, such a rail joint, which is expensive to produce, results in 
respectively two weld transitions that result in an increase of potential weak points 
that will possibly need to be tested extensively. Furthermore, guiding the 
temperature in the joint area during friction welding as well as system-dependent 
functional operations can be more difficult to control while maintaining quality. 

QTm/TMAKV OF THE INVENTION 
[0010] The invention provides for a device of the type mentioned at the 
outset with which long rods with profiled cross section, such as rails, can be joined 
to one another by friction welding in a rail production, whereby an axially aligned 
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alignment and a cross-sectionally conformal, high-quality, metallic joining of the 
parts can be achieved. 

[0011] The invention also provides for a generic method for the friction 
welding of rods, in particular rails, with which method an all-over, homogenous, 
cross-sectionally conformal, metallic joining of the ends can be achieved with a 
high quality of the joint area. 

[0012] The invention also provides for a friction welding device which 
features clamping arrangements for positioning the part ends against one another. 
At least one clamping arrangement can be moved relative to the opposite one, and 
parallel to the part cross-sectional plane in an axially divergent manner. The at 
least one clamping arrangement can be positioned in an axially aligned manner to 
the part with freedom of movement. 

[0013] The advantages obtained with the invention are essentially that the 
functions necessary for a friction welding of the parts with high quality can be 
adjusted in a precisely controlled manner. Cross-sectionally conformal friction 
weld joints of, e.g., rails, can thus be produced, whereby only one easily 
removable lateral elevation of small dimension is formed in the weld area. 
[0014] If, as can be provided according to the invention, at least one 
clamping arrangement can be moved in a circulating manner around the joint axis, 
a favorable homogenous heating of the part ends can result over the entire cross- 
sectional area. 

[0015] According to one embodiment of the invention, it is advantageous if 
both clamping arrangements can be moved in the same direction in a circulating 
manner around the joint axis at a respectively opposite spacing from the same. 
This embodiment of the device renders possible on the one hand a homogenous 
heating of the provided joint area of the parts through friction with largely 
shockless movement operations that are favorable in terms of mechanical 
engineering; on the other hand an immediate axially aligned positioning of the part 
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ends with freedom of movement is advantageously possible for the actual joining 
operation through eliminating the deflection. 

[0016] Both with regard to a movement that is as shockless as possible and 
for the sake of a quick way of adjusting the part ends to be welded, it is favorable 
if a drivable eccentric arrangement that can be adjusted in the divergence from the 
rotational axis is provided for the movement and for the axially aligned resting 
position of a clamping arrangement. 

[0017] A particular advantage in connection with the movement operations 
is obtained if two drivable eccentric arrangements are provided per clamping 
arrangement and operatively connected to it. 

[0018] An embodiment of the device according to the invention in which 
the opposite clamping arrangement respectively can be driven by adjustable 
eccentric arrangements positioned on a shaft or can be adjusted with freedom of 
movement, whereby a divergence from the rotational axis preferably in the 
opposite direction and an axially aligned alignment of the part ends are provided 
by a control of the eccentric arrangements that preferably acts simultaneously, 
does not only have advantages in terms of control technology but also renders 
possible a construction method that is favorable in terms of cost-effectiveness and 
industrial engineering. 

[0019] The invention also provides for a method of the type mentioned at 
the outset in that the part ends are provided with flat axially normal cross-sectional 
surfaces, and subsequently in a heat-up step the cross-sectional surfaces to be 
joined are pressed against one another and at least one part end is moved in an 
axially divergent manner relative to the opposite one and in this manner the face 
areas are brought to an increased temperature or joining temperature, at which an 
axially aligned alignment of the parts takes place with free movement of the same 
and the weld area is placed under increased pressure for the all-over metallic 
bonding of the part ends. 
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[0020] The advantages of a welding process conducted in this manner are 
mainly that the friction movement occurs without a rotation of the parts and so no 
high forces of gravity arise with a change in movement of the same. At least one 
part end is thereby moved in an oscillating manner relative to the opposite one 
under pressing pressure in a direction that lies in the cross-sectional plane. After 
the joint parameters have been achieved on the friction surfaces, only low forces 
are necessary for the end-side free movement of the parts in order to conduct a 
cross-sectionally conformal positioning of the same. If one part end is moved in 
the cross-sectional plane with elastic bending of the part end area in a favorable 
manner for friction heating, the restoring forces lead or at least help to establish an 
axially aligned alignment of the parts for the bearing pressure, whereby a single 
high-quality metallic bond can thus be achieved. 

[0021] For a largely shockless sequence of movements, it has proven 
favorable for at least one part end to be moved in a circulating manner to increase 
the temperature or to adjust the joint temperature of the face areas of the parts. 
[0021] In a particularly preferred embodiment of the invention, if the part 
ends under pressurization are moved around the alignment or joint axis in the 
same direction in a circulating manner at an opposite spacing respectively to the 
axis to increase the temperature of the face areas of the parts, good all-over weld 
joints can be achieved in a highly effective manner with furthermore reduced 
shocks in the system, and the respective movements of the part end areas can be 
reduced. The expenditure for a free movement of the part ends is thus also 
reduced in terms of industrial engineering. 

[0022] For an axially aligned alignment of parts with special cross-sectional 
formats provided in the joint process, followed by a welding with the highest 
quality, it can be advantageous if, after the pressing together of the cross-sectional 
surfaces and the axially divergent movement of the part ends to heat them, the 
pressing force is reduced, an axial alignment of the parts is carried out and 
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subsequently an increased pressing pressure is built up for the metallic bonding of 
the same. 

[0023] Parts, such as rails of hardenable steels and alloys, can have areas 
with an unfavorable, brittle microstructure in the welding joint and/or in the heat- 
affected zone when a joint is produced by friction welding. This structure, e.g., 
martensite structure, develops when the material austenitizes during welding, i.e., 
is converted into a cubic face-centered atomic structure, and, after the joining of 
the parts, the cooling rate, in particular a thermal dissipation in the part, is so great 
that the structural transformation takes place in a suddenly diffusionless manner. 
According to the invention this disadvantage can be overcome in that a pre-heating 
of the face surface areas of the part ends takes place before the heating step. 
[0024] A pre-heating of the face surface areas of the part ends can be 
carried out with particular advantage through relative movement of the same 
towards one another with reduced positioning pressure, whereby on the one hand 
the welding device can thereby be used in a favorable manner for heating the part 
ends and an oxidation of the welding surfaces can be prevented. 
[0025] The invention also provides for a device for joining faces of parts 
having great longitudinal extension by friction welding, wherein the device 
comprises first and second clamping arrangements structured and arranged to 
position ends of the parts against one another. At least one of the first and second 
clamping arrangements is axially movable with respect to another of the first and 
second clamping arrangements. At least one of the first and second clamping 
arrangements is movable along a direction that is parallel to a part cross-sectional 
plane, whereby the part cross-sectional plane is define by an end face of one of the 
parts. 

[0026] The first and second clamping arrangements may be structured and 
arranged to axially aligned the parts. The parts may comprise rods having a 
profiled cross section. The rods may comprise rails. At least one of the first and 
second clamping arrangements may be movable in a circulating manner around a 
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joint axis. The first and second clamping arrangements may be movable in the 
same direction in a circulating manner around a joint axis. The first and second 
clamping arrangements may be movable in the same direction in a circulating 
manner around a joint axis and while having an opposite spacing. 
[0027] The device may further comprise first and second drivable eccentric 
arrangements. The first and second drivable eccentric arrangements may be 
movably adjustable. The first and second drivable eccentric arrangements may be 
structured and arranged to axially aligned the first and second clamping 
arrangements. The first and second drivable eccentric arrangements may be 
structured and arranged to axially aligned the first and second clamping 
arrangements in a resting position. 

[0028] The device may further comprise two drivable eccentric 
arrangements, wherein at least one of the two drivable eccentric arrangements is 
operatively connected to at least one of the first and second clamping 
arrangements. 

[0029] The device may further comprise at least one adjustable eccentric 
arrangement driving one of the first and second clamping arrangements. The at 
least one adjustable eccentric arrangement may be one of positioned on a shaft 
adjustable with freedom of movement. 

[0030] The device may further comprise at least one device for controlling 
the at least one adjustable eccentric arrangement. 

[0031] The device may further comprise first and second adjustable 

eccentric arrangements driving the first and second clamping arrangements. 

[0032] The device may further comprise first and second control devices for 

controlling the first and second adjustable eccentric arrangements. 

[0033] The first and second adjustable eccentric arrangements may function 

simultaneously. 

[0034] The invention also provides for a method for joining parts having 
great longitudinal extension by friction welding using the device described above 
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wherein the method comprises arranging ends of the parts opposite one another, 
wherein the ends are provided with flat axially normal cross-sectional surfaces, 
pressing the cross-sectional surfaces against one another by moving at least one of 
the ends axially relative to another of the ends, such that face areas of the ends are 
brought to one of an increased temperature or a joining temperature, and axially 
aligning the parts, wherein the pressing produces a metallic bonding of the parts. 
[0035] The invention also provides for a method for joining parts having 
great longitudinal extension by friction welding, wherein the method comprises 
arranging ends of the parts opposite one another, wherein the ends are provided 
with flat axially normal cross-sectional surfaces, pressing the cross-sectional 
surfaces against one another by moving at least one of the ends axially relative to 
another of the ends, such that face areas of the ends are brought to one of an 
increased temperature or a joining temperature, and axially aligning the parts, 
wherein the pressing produces a metallic bonding of the parts. 
[0036] The pressing may produce an all-over metallic bonding of the ends 
of the parts. The pressing may produce weld area and takes place under increased 
pressure. The parts may comprise rods having a profiled cross section. The rods 
may comprise rails. 

[0037] The method may further comprise moving the end of at least one of 
the parts in a circulating manner to one of increase a temperature and adjust a joint 
temperature. 

[0038] The method may further comprise moving the end of at least one of 
the parts in a circulating manner to adjust a temperature of a joint, whereby the 
joint is formed between face areas of the ends of the parts. 
[0039] The method may further comprise moving the ends of the parts 
relative to a joint axis to cause in increase in temperature. 

[0040] The method may further comprise moving the ends of the parts 
around a joint axis. 
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[0041] The method may further comprise moving the ends of the parts in 
the same direction around a joint axis. 

[0042] The method may further comprise moving the ends of the parts 
around a joint axis in a circulating manner. 

[0043] The method may further comprise moving the ends of the parts 
relative to an alignment axis to cause an increase in temperature. 
[0044] The method may further comprise moving the ends of the parts 
around an alignment axis. 

[0045] The method may further comprise moving the ends of the parts in 
the same direction around an alignment axis. 

[0046] The method may further comprise moving the ends of the parts 
around an alignment axis in a circulating manner. 

[0047] The method may further comprise, after the pressing and before the 
axially aligning, reducing a pressing force. The method may further comprise, 
after the reducing, increasing a pressing pressure. 

[0048] The method may further comprise, before the pressing, pre-heating 
the ends of the parts. 

[0049] The method may further comprise, before the pressing, moving the 
ends relative to each other with a reduced positioning pressure, whereby the 
moving causes pre-heating of the ends of the parts. 

[0050] The invention also provides for a device for friction welding parts, 
wherein the device comprises first and second clamping arrangements structured 
and arranged to position ends of the parts against one another. At least one of the 
first and second clamping arrangements is axially movable with respect to another 
of the first and second clamping arrangements. First and second moving devices 
are provided for respectively moving the first and second clamping arrangements 
along a direction that is parallel to a part cross-sectional plane. First and second 
control devices are provided for controlling movement of the first and second 
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moving devices. The part cross-sectional plane is define by an end face of one of 
the parts. 

[0051] The invention also provides for a method for joining two parts by 
friction welding using the device described above wherein the method comprises 
arranging ends of the two parts opposite one another, pressing the ends against one 
another by moving at least one of the ends axially relative to another of the ends, 
moving the ends relative to each other along a direction which is parallel to an end 
surface of at least one of the ends, axially aligning the parts, and metallically 
bonding the ends of the two parts. 

[0052] The invention also provides for a device for friction welding parts, 
wherein the device comprises first and second clamping arrangements structured 
and arranged to position ends of the parts against one another. At least one of the 
first and second clamping arrangements are axially movable with respect to 
another of the first and second clamping arrangements. First and second eccentric 
moving devices are mounted to a shaft. The first and second eccentric moving 
devices respectively move the first and second clamping arrangements along a 
direction that is parallel to an end face of at least one of the parts. A motor drives 
the shaft. First and second control device are provided for controlling movement 
of the first and second eccentric moving devices. The part cross-sectional plane is 
define by an end face of one of the parts. 

RRTFF DESCRIPTION OF THE DRAWINGS 
[0053] The invention is described in further detail below on the basis of a 
drawing showing an exemplary embodiment. 

The only figure shows in diagrammatic form a friction welding device A. 
DETAILED DESCRIPTION OF THE PRESENT INVENTION 
[0054] Clamping arrangements 2, 2' are provided for parts 1 , 1 ' to be joined. 
The first and second clamping arrangements are detachably connected to the part 
ends 11, 11' by clamp parts 21, 21'. The clamping arrangements 2, 2' are 
operatively connected to at least respectively one adjustable eccentric 
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arrangements 3, 3' that can be driven by way of a shaft 41 by a motor 4 or the like, 
whereby the amount of eccentricity can be adjusted through a control 31, 31' of 
the eccentric arrangements 3, 3'. 

[0055] If the eccentric arrangements 3, 3' are now driven in a rotary manner 
by a motor 4 via a shaft 41 and their eccentricity is adjusted by control means 31, 
31' in different directions, in particular in opposite directions, an uneven, in 
particular opposite, oscillation of the respective eccentric surfaces occurs in the 
direction towards the part ends 11, 11' to be welded. However, the eccentric 
arrangements 3, 3' are operatively connected to the clamping arrangements 2, 2', if 
necessary via bearings 5, 5', and consequently the part ends 11, 11' clamped in 
them can be moved relative to one another. Another support (not shown) of the 
clamping arrangements 2, 2' can be carried out via moveable bearings or eccentric 
arrangements if necessary driven at the same angular velocity. During a friction 
welding process parts 1, 1' to be joined with their part ends 11, 11' are clamped 
with axially normal flat cross-sectional surfaces 12, 12' in clamping arrangements 
2, 2' by clamp parts 21, 21' and positioned against one another with a force or 
opposing force +xl,-xl. A relative or friction movement occurs at the part cross- 
sectional surfaces 12, 12' between the opposite part ends 11, 11' during the action 
of a positioning force through an uneven axially divergent movement of the 
clamping arrangements 2, 2'. Such a relative movement of the clamping 
arrangements 2, 2' is caused by an uneven adjustment of the eccentricity of the 
eccentric arrangement 3 operatively connected to them, which eccentric 
arrangements are driven on a shaft 41 in front of a motor 4. 
[0056] A relative movement during positioning of the cross-sectional 
surfaces 12, 12' against one another releases friction heating that heats the cross- 
sectional surface areas to a joint temperature. After such a temperature is reached, 
a canceling of the eccentricity of the eccentric arrangements 3, 3' occurs directly 
and simultaneously through a control 31, 31', and through this an axially aligned 
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free movement of the part ends with a subsequent pressurization or force +x2,-x2 
of the cross-sectional surfaces 12, 12'. 

[0057] After a cooling of the formed welding zone of the parts, if necessary 
with a reduced cooling rate effected by a pre-heating of the part ends 11, 11' to 
adjust specific material properties in this area, a material crushing effected by a 
last pressurization or a bearing pressure can be mechanically removed and a 
profile-conformal joint can thus be achieved. 
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